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non-Abelian nature of the Electroweak theory
@ Probing the W~ triple gauge boson coupling (TGC)

@ Probing the presence of ZZ~ and Z~+y TGC forbidden
(at the tree level) in the Standard Model

Introduction

@ Highest cross sections among all diboson processes

@ Amplitude interferences between u— and t—channel
suppresses the W~ production w.r.t. Z~ production

WW~ TGC ISR Production (u— and t—channel)
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The experimental signature of these processes are the
lvy+X and [ly+X final states.
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WW~ TGC ISR Production (u— and t—channel)
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Signal Definition: (v and [l final states

The experimental signature of these processes are the
lvy+X and [ly+X final states.

Y

L Besides the TGC and ISR contributions they include also:
e QED FSR from W(Z) inclusive production
o Dominating for EJ. < 40 GeV
@ High order O(aag) contributions (NLO corrections)

@ Photons from fragmentation of jets produced in
association with a W or a Z boson (W (Z)+jet events)

QED FSR “Fragmentation” Photon Production
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Fragmentation Photon Contribution

Photons from fragmentation of jets produced in association with a W or
a Z boson (W (Z)+jet events)
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© l", | Photons from fragmentation of jets produced in association with a W or
a Z boson (W (Z)+jet events)
@ Only the sum of the prompt and fragmentation components is
Signal physically well defined = Part of the signal
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‘_,*{ i Photons from fragmentation of jets produced in association with a W or
i a Z boson (W (Z)+jet events)

@ Only the sum of the prompt and fragmentation components is
i) physically well defined = Part of the signal

Definition

@ Strongly suppressed by the photon identification and isolation
requirements, but still significantly contributing

@ Because of collinear divergences the measurements are restricted
to events with E*? < 0.5 - E7,

@ Experimentally challenging because of large uncertainties in
estimating its contribution in data, and because of a very different
identification efficiency w.r.t. “prompt” photons

“Fragmentation” Photon Production
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ATLAS
Detector

25m '\

t LAr hadronic end-cap and
forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

‘Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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ATLAS
Detector

The Inner Detector

Pixel Tracker

3 Barrel, 2x3 Endcap Layers
Resolution: 10um (R¢)
60M Channels

SCT Tracker

4 Barrel, 2x8 Endcap Layers
Double Stereo Sides
Resolution: 17um (R¢)
6.3M Channels

TRT Tracker

73, 2x160 Layers

About 30 hits/track
Resolution: 130um (R¢)
PID Capability

~ 0.3M Channels

R =1082 mm

R=122.5mm
Pixels { R = 88.

Silicon Pixel, Silicon Strips, Transition
Radiation Detectors

Coverage: |n] < 2.5 in 2T B-field

o/p%(GeV) ~3.8-10"* @ 0.015




ATLAS
Detector

The Inner Detector

Pixel Tracker

3 Barrel, 2x3 Endcap Layers
Resolution: 10pum (R¢)
60M Channels

SCT Tracker

4 Barrel, 2x8 Endcap Layers
Double Stereo Sides
Resolution: 17um (R¢)
6.3M Channels

TRT Tracker

73, 2x160 Layers

About 30 hits/track
Resolution: 130um (R¢)
PID Capability

~ 0.3M Channels

e/m Separation in TRT

Transition radiation depending on the

charge particle Lorentz factor ~

=
5 ATLAS Preliminary

TRT end-caps
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© Monte Carlo .
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R Liquid Argon and Lead with accordion geometry
Coverage: |n| < 3.2 (with forward ECAL |n| < 4.9)

Three longitudinal samplings (plus a thin pre-sampler for || < 1.8)

AE/E ~ 10%/+/E(GeV)

ATLAS
Detector

Tile barrel Tile extended barrel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel




The Electromagnetic Calorimeter

Liquid Argon and Lead with accordion geometry
Coverage: [n| < 3.2 (with forward ECAL || < 4.9)
Three longitudinal samplings (plus a thin pre-sampler for || < 1.8)

AE/E ~ 10%/+/E(GeV)
ATLAS
Detector
EM Granularity 7/~ Discrimination
Longitudinal segmentation for maximum Single Photon
background rejection .

AR A

70 Candidate

Second layer collect most of the EM shower energy
(cell An x A¢ = 0.025 x 0.025)
First (strip) later with high granularity
.(event»by»even.t TFO/’Y discrimination) \\\\\\\\\\\\\\\\\\
Third layer for tails of very high EM shower
Pre-sampler for energy loss corrections
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j ,zlj | I EM object identification algorithm
fully exploits the longitudinal segmentation of the EM calorimeter, the

tracking information and the TRT particle identification capability.
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Electron and Photon Identification

EM object identification algorithm
fully exploits the longitudinal segmentation of the EM calorimeter, the
tracking information and the TRT particle identification capability.

Identification Discriminants
e and ~ ID @ Hadronic energy leakage

@ Middle layer energy and lateral width
(Ry, By)
Strip layer lateral shower

Strip layer first and second maximum
energy ratio

Track quality
Track/Calorimeter matching
First pixel layer hit

E/p ratio

@ Transition radiation probability

Three (Two) baseline set of identification cuts
for electrons (photons)
Optimized in Ep and 7 binning for uniform
efficiency. For photons optimized separately for
converted and unconverted photons




Electron and Photon Identification

EM object identification algorithm
fully exploits the longitudinal segmentation of the EM calorimeter, the
tracking information and the TRT particle identification capability.

Identification Discriminants e: EM Fraction in Layer 1
@ et 5 (18 @ Hadronic energy leakage I
@ Middle layer energy and lateral width é :: L=tss o’ g
(R¢, Ry) e a
@ Strip layer lateral shower 0k
@ Strip layer first and second maximum °
energy ratio ettt B 3

f

@ Track quality
@ Track/Calorimeter matching S
S . e: EM Fraction in Layer 2
@ First pixel layer hit
o E/p ratio "aTLAsProtminary |

L=138nb"

Entries / 0.025

ool ¢

@ Transition radiation probability

Three (Two) baseline set of identification cuts
for electrons (photons)

Optimized in Ep and 7 binning for uniform ,

efficiency. For photons optimized separately for o 0170203 04 0508 07 08 03 1

converted and unconverted photons ’




Electron and Photon Identification

EM object identification algorithm
fully exploits the longitudinal segmentation of the EM calorimeter, the
tracking information and the TRT particle identification capability.

Identification Discriminants 7 unconverted: Ry

e and ~ ID @ Hadronic energy leakage

atiaspeimnay ]
. . Unconverted photons
@ Middle layer energy and lateral width e
Data 2010
(quv Rn) 10'F iSi:n?Jlalwon (ally candidates)

[ CSimulation (prompt 7)

10°F

Entries/0.025

Strip layer lateral shower

Strip layer first and second maximum 10
energy ratio

Track quality R
Track/Calorimeter matching

First pixel layer hit vy converted: Ry

E/p ratio

ATLAS Preliminary

[ Converted ghotons
Ns=7TeV. [Lat= 158mb"

10'F o Data2010

(@ Simulation (ally candidates)

Three (Two) baseline set of identification cuts 10'F Dysinudaton promet 1
for electrons (photons)
Optimized in Ep and 7 binning for uniform
efficiency. For photons optimized separately for
converted and unconverted photons .

@ Transition radiation probability

Entries/0.025
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Photon Energy Isolation

Transverse energy in a cone with R = 0.4
around the photon

Taken as a sum of uncalibrated cell energy
Central core 5 x 7 not included
Corrections for out-of-core leakage

In principle sensitive to underlying event and
pileup....

T=
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Photon Energy Isolation

Transverse energy in a cone with R = 0.4
around the photon

Taken as a sum of uncalibrated cell energy
Central core 5 x 7 not included
Corrections for out-of-core leakage

In principle sensitive to underlying event and
pileup....

“"Ambient” energy density measured
by looking at underlying event in
additional cones in the same event
(method proposed by Cacciari,
Salam, Sapeta, and Soyez)
http://arxiv.org/abs/0912.4926
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~ Isolation

Photon Energy Isolation

Transverse energy in a cone with R = 0.4
around the photon

Taken as a sum of uncalibrated cell energy

Central core 5 x 7 not included

Corrections for out-of-core leakage

In principle sensitive to underlying event and

pileup....

“"Ambient” energy density measured

by looking at underlying event in
additional cones in the same event
(method proposed by Cacciari,
Salam, Sapeta, and Soyez)
http://arxiv.org/abs/0912.4926

Entries/1 GeV
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ATLAS
Ns=7TeV, J‘Ldt =878 nb"

* Data 2010

(=3 Simuiation (fake 7)
[ Simulation (isolated prompt ¥
[ Simulation (non-iso prompt v)

fragmentation
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W Selection
@ One lepton with Ex > 20
GeV
@ |n] < 247 (e) or |n| < 2.4 (u)
Event Selection 4] E}niss > 25 GeV

o m)Y > 40 GeV

@ Veto on a second lepton
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o Event Selection

Require an high Ep photon on W(Z) candidate events

W Selection
@ One lepton with Ex > 20 Z Selection
GeV @ Two leptons with Er > 20
@ |n| <247 (e) or || < 2.4 (u) GeV
Tt St @ Es* > 25 GeV @ || < 2.47 (e) or |n| < 2.4 (1)
@ my > 40 GeV ® My > 40 GeV

@ Veto on a second lepton

Photon Selection

@ One photon with B > 15
GeV and |n| < 2.37

@ AR(l,v) > 0.7

@ lIsolation Energy E¥° < 5
GeV




Event Selection

Require an high Ep photon on W(Z) candidate events

W Selection
@ One lepton with Ex > 20 Z Selection
GeV @ Two leptons with Er > 20
@ |n| <247 (e) or || < 2.4 (u) GeV
Event Selection @ ETs* > 25 GeV @ |n| < 2.47 (e) or |n| < 2.4 (u)
@ my > 40 GeV ® My > 40 GeV

@ Veto on a second lepton
Number of Candidates

Photon Selection in 35 pb~!
@ One photon with Ep > 15 W’}/ 192
GeV and |n| < 2.37 95 (evvy) + 97 (uvy)
@ AR(l,v) > 0.7 Z’Y: 48

@ lIsolation Energy E¥° < 5 25 (e"'_'y) + 23 (u*u"y)
GeV
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Candidate Event Kinematic Distributions
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W~ Candidates: Photon E7 Distribution
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[ttbar
mmz0)

10

111 IIII 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 1 IIIIIIIr 1

(IR I PR
20 40 60 80

100 120 140 160 180
E! [GeV]




Candidate Event Kinematic Distributions

™ ! il

- |
s
ﬂt Jli

N

et Y

W~ Candidates: AR(l,~) Distribution

9 50—y

c -y 14

Q@ 45E-ATLAS Preliminary \‘s=7TeV,det=35pb Y

T E

vent e E —e—data 3
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30F 3 W(lv)+jet

25F EW(W) 3

E ttbar 3

208 mmzi

15E E
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Candidate Event Kinematic Distributions

e

W~ Candidates: mr(l,) Distribution
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DLui Candidate Event Kinematic Distributions

W~ Candidates: my (I, Ef**¢ ~) Distribution

15 B z()
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> 45 L L L L L

Q E 7

(g 40ATLAS Preliminary \s = 7TeV,JLdt = 35pb'1—;

vent Sel E 35 —e— data _;
Bierons 2 30 COW(v)+y 3
Z I W(v)+jet 3
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20 [ttbar =

0 50 100 150 200 250 300
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DLui Candidate Event Kinematic Distributions

Z~ Candidates: m;;, Distribution
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DLui Candidate Event Kinematic Distributions

Z~ Candidates: my;~ vs. my,

= 300 T
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= 2501 - -

Kinematic E E B - E
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A 2D-sideband method is used to extract the signal yield
directly from W~ and Z~ candidate events
Discriminating Variable: Isolation Energy

Isolation Energy Distributions

W~ Events Z~ Events
> T T T T T g > T T T T T g
q n (] £ . a1 2 - k|
Signal Yield O 120[-ATLAS Preliminary \s:7TeV4J.Ldl: 35pb™ O 35FATLAS Preliminary \'s =7TeV,_[Ld(= 35pb™
) £ ] 0 E
% 100[- El data 3 % 30 ——data
2 F W(v)sy ] 4 Czmy+
2 f ] £ 25 i
2 80f B W()+jet £ D Z()+ets
woor WWw) 4 w20 Db =
60 Cltbar ttbar
F ) 15
40p 10
20f 5
[} 5 10 15 20 25 30 0—5 0 5 10 15

20 25 30
y isolation [GeV]

photen isolation [GeV]
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A 2D-sideband method is used to extract the signal yield
directly from W~ and Z~ candidate events
Discriminating Variable: Isolation Energy

Isolation Energy Distributions

W~ Events Z~ Events
> T T T T T g > T T T T T g
. " s r : ek 3 - SE|
Signal Yield O 120[-ATLAS Preliminary \s:7TeV4J.Ldl: 35pb™ O 35FATLAS Preliminary \'s =7TeV,_[Ld(= 35pb™
) £ ] 0 E
% 100f Edaﬁa I % 30 —— data E
2 F Wivy+y ] 8 Dz E|
£ r ] £ 25 Y
2 80f B W()+jet £ D Z()+ets
wor I W(v) ] w2 Db 3
60 [tibar 4 ttbar El
F mzm 15
40p 10
20 5
[} 5 10 15 20 25 30 0-5 0 5 10 15 20 25 30

photen isolation [GeV] y isolation [GeV]

Isolation background shape from data.
Normalization from the tail of the isolation distribution.
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To model the background isolation energy distribution:
reverse some photon ID cuts
@ Photons are required to pass the ID cuts except the strip
layers variables
@ Assuming no/little correlation between photon ID variables
and isolation
e Strip variables fairly uncorrelated with isolation energy

Signal Yield
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o

To model the background isolation energy distribution:
reverse some photon ID cuts

@ Photons are required to pass the ID cuts except the strip
layers variables

@ Assuming no/little correlation between photon ID variables
and isolation

e Strip variables fairly uncorrelated with isolation energy
Signal Yield

Method applied only to the W~ analysis
(very limited statistics on Zv)
@ Corrections for signal presence in control region applied
@ Contributions from other processes (W — 7v, tt, Z — ee,
etc..) estimated from MC.
@ Systematics due to the assumptions of the method and the
definition of the control regions carefully estimated.




Signal Yield Extraction

To model the background isolation energy distribution:
reverse some photon ID cuts

@ Photons are required to pass the ID cuts except the strip
layers variables

@ Assuming no/little correlation between photon ID variables
and isolation

Signal Yield e Strip variables fairly uncorrelated with isolation energy

Results: signal purity in selected events ~ 80%

Process Observed events  non W+jets background  W-jet background  Extracted Signal
pp —evy 95 10.1£0.8+£1.2 169 £6.4+73 67.949.5+7.3
pp — UVY 97 124+09+14 168+47+73 67.849.3+74

Process Observed events Total Background Extracted Signal

pp—etey 25 3.8+3.8 21.2458+3.8
pp— Y 23 34434 19.6+4.8+£3.4
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sig
NW’Y(Z’Y)

Opp—lvy(tli—~) =
pptn () CW’Y(ZW)'LW’Y(ZW)'AWW(ZV)

N*%9 is the number of the extracted signal events
L is the the integrated luminosity

C summarizes the reconstruction and identification efficiency

A is the acceptance of the “total” cross section

Calculation
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sig
NW’Y(Z’Y)
CWW(ZW) ) LWW(ZW) ) AWW(ZV)

Opp—lvy(Iti—v) =

N*%9 is the number of the extracted signal events

(]

@ L is the the integrated luminosity

@ (C summarizes the reconstruction and identification efficiency
o

A is the acceptance of the “total” cross section

Cross section measured in two phase-space regions:

Fiducial Phase-space where the measurement has been performed
(defined by the cuts reported earlier in the “selection slide”)

Calculation

Total Phase-space extended to regions outside experimental
acceptance:
fiducial ~ total extrapolation done with Monte Carlo
“Total” phase-space definition:

EJ. > 10 GeV, AR(l,7)>0.5, SEMY<05.E),
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Efficiency Values and Uncertainties

Cw-~ (e channel) = 36%  Cw~ (i channel) = 46%
Cz~ (e channel) =29%  Cz, (u channel) = 43%

Efficiency Uncertainties

Composition 0Cwy/Cwy  8Czy/Czy  Cwy/Cwy 8Czy/Czy
evy ctey uvy Wy
Trigger efficiency 1% 0.02% 0.6% 0.2%
lepton reconstruction and identification efficiency 4.5% 5% 0.5% 1%
muon isolation efficiency - - 1% 2%
photon reconstruction and identification efficiency 11.5% 11.5% 11.5% 11.5%
EM Energy scale and resolution 3% 4.5% 4% 3%
Momentum scale and resolution - - 0.3% 0.5%
E7" scale and resolution 2% - 2% -
Calculation Problematic regions in the calorimeter 1.4% 2.1% 0.7% 0.7%
FSR modelling 0.3% 0.3% 0.3% 0.3%
photon isolation cut efficiency 6% 6% 6% 6%
Total uncertainty 14.3% 14.6% 13.8% 13.5%

Main contributions to the total uncertainty are:

@ Fragmentation photon contribution in data (6% for both photon
ID and isolation efficiency)

@ Amount of material knowledge (particualry at high |n|)
@ Data/MC discrepancies for the EM shower shape distributions
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X2z 00 with Standard Model Theory

Fiducial Cross Sections

o7 pb](measured)
pp —evy 5.1£0.7(srar) £0.9(syst) £ 0.6(lwumi
pp — UVYy 4.2+£0.6(star) £0.7(syst) £0.5(lumi
pp—etey 2.0+0.6(stat) =0.5(syst) £0.2(lumi
pp—uTUTY 1.3£0.3(star) £0.3(syst) £0.1(lumi

o7 pb](predicted)
4.60.3(syst)
4.9£0.3(syst)
1.7+0.1(syst)
1.7£0.1(syst)

Results
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Results
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Cross Section Measurements and Comparison
with Standard Model Theory

Fiducial Cross Sections

/@[ pb](measured)

o7 pb](predicted)

pp —evy 5.1£0.7(srar) £0.9(syst) £ 0.6(lwumi

pp — UVYy 4.2+£0.6(star) £0.7(syst) £0.5(lumi
pp—etey 2.0+0.6(stat) =0.5(syst) £0.2(lumi
pp—uTUTY 1.3+£0.3(star) £ 0.3(syst) £ 0.1 (lumi

4.60.3(syst)
4.9£0.3(syst)
1.7+0.1(syst)
1.7£0.1(syst)

Total Cross Sections

&' pp](measured)

'l pp](predicted)

pp—evy  73.9x10.5(srar) = 14.6(syst) £8.1(lumi)
pp — UVY 58.6 = 8.2(stat) = 11.3(syst) £6.4(lumi)
pp—etey

16.4 £4.5(srar) £4.3(syst) = 1.8(lumi)
pp—=utuy  10.642.6(star) = 2.5(syst) = 1.2(1umi)

69.0 £4.6(syst)
69.0£4.6(syst)
13.8 £0.9(syst)
13.8 £0.9(syst)

All cross section measurements are consistent within their
uncertainties with the Standard Model expectations
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: Conclusions and Future Prospects
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First measurement of W~ and Z~ production cross sections
at /s = 7 TeV performed by ATLAS using ~ 35 pb~! of

integrated luminosity

Experimental measurements are in agreement with Standard
Model expectations within error

With more data available this year the Triple Gauge
Couplings will be probed with unprecedented precision

Conclusions
Searches will be extended also to W+ and Z~ resonance
decay of particles beyond Standard Model

Stay Tuned for New Results Very Soon!
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Signal Yield Extraction

@ Assuming no/little Photon 1D
. Quality
correlation between photon
ID variables and isolation: s (Isolated) (Not I solated)
i,
Np _ Nc =5
~ = T C D
NB NA gé (Control Region) (Control Region)
&
for background events 5
- i BlOA B
@ With small signal a8
. . . 3= ign ion ntre ion
contamination in the control g5 o (oot Reoon
5=

fegionS, 5 6 Isolation Energy [GeV]
Npg, N¢, and Np from data
= amount of background in

Backup NA




Signal Yield Extraction

@ Assuming no/little PtontD
. uality
correlation between photon
ID variables and isolation: g | (solated (Not Isolated)
2
]
Np _ Nc¢ By C D
Np  Na 3%
B A %’% (Control Region) (Control Region)
A
for background events 5.
ss
@ With small signal ] A B
contamination in the control %5 (S feon (onel Resrom

regions, 5 6 Isolation Ener gy [GeV]
Np, N¢, and Np from data

= amount of background in

Na

Backup

Method applied only to the W+ analysis (very limited statistics on Z+)
@ Corrections for signal presence in control region applied

@ Systematics due to the assumptions of the method and the definition of
the control regions carefully estimated.




Signal Yield Extraction

@ Assuming no/little Phtan D
. uality
correlation between photon
. . . 150l Not Isol
ID variables and isolation: g | (solated (Not Isolated)
s
S5
Np _ Nc¢ 28 C D
~ = 3%
NB NA %g (Control Region) (Control Region)
S
for background events §e
89
@ With small signal il A B
. . . =] r
COntamInathn in the COntrOl Eé (Signal Region) (Control Region)
5=

regions, 5 6 Isolation Energy [GeV]
Npg, N¢, and Np from data
=- amount of background in

Na
Process Observed events  non W+jets background  W-jet background  Extracted Signal
pp —evy 95 10.1£0.8+£1.2 169 £6.4+73 67.949.5+7.3
pp — UVY 97 124+09+14 168+47+73 67.849.3+74
Process Observed events Total Background Extracted Signal
pp—etey 25 3.8+3.8 21.2458+3.8
pp—=uUTUTY 23 34434 19.648+3.4

Signal purity in selected events ~ 80%
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